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PLASMIDS ENCODING THERAPEUTIC AGENTS 



CONTRACTUAL ORIGIN OF THE INVENTION 
[0001] The United States Government has rights in the following invention pursuant to Contract 
No. DE-AC07-99ID1 3727 between the U.S. Department of Energy and Bechtel BWXT Idaho, LLC. 

BACKGROUND OF THE INVENTION 
[0002] This invention relates to antiviral agents, antimicrobial agents, and methods of use 
thereof. More particularly, illustrative embodiments of the invention relate to plasmids that 
encode antiviral agents that specifically destroy cells infected by human immunodeficiency 
viruses ("HIV") that produce a protease in such infected cells. These antiviral agents are 
activated by the HIV protease, thereby specifically targeting HIV-infected cells for destruction. 
Other illustrative embodiments of the invention relate to plasmids that encode antimicrobial 
agents that specifically destroy cells infected by selected pathogenic microbes, such as Bacillus 
anthracis, the causal agent of anthrax. 

[0003] Toxins that target cell surface receptors or antigens on tumor cells have attracted 
considerable attention for treatment of cancer. E.g., I. Pastan & D. FitzGerald, Recombinant 
Toxins for Cancer Treatment, 254 Science 1 173-1 177 (1991); Anderson et al., U.S. Patent Nos. 
5,169,933 and 5,135,736; Thorpe et al., U.S. Patent No. 5,165,923; Jansen et al., U.S. Patent No. 
4,906,469; Frankel, U.S. Patent No. 4,962,188; Uhr et al., U.S. Patent No. 4,792,447; Masuho et 
al., U.S. Patent Nos. 4,450,154 and 4,350,626. These agents include a cell -targeting moiety, such 
as an antigen-binding protein or a growth factor, linked to a plant or bacterial toxin. They kill 
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cells by mechanisms different from conventional chemotherapy, thus potentially reducing or 
eliminating cross resistance to conventional chemotherapeutic agents. 

[0004] Ricin and other similar plant toxins, such as abrin, modeccin and viscumin, comprise 
two polypeptide chains (known as the A and B chains) linked by a disulfide bridge, one chain 
(the A chain) being primarily responsible for the cytotoxicity and the other chain (the B chain) 
having sites that enable the molecule to bind to cell surfaces. Such toxins are known as type II 
ribosome-inactivating proteins or RIPs. F. Stirpe et al., Ribosome-inactivating Proteins from 
Plants: Present Status and Future Prospects, 10 Biotechnology 405-412 (1992). 

[0005] Ricin is produced in the plant Ricinus communis (commonly known as the castor bean 
plant) via a precursor protein known as "preproricin." Preproricin comprises a single polypeptide 
chain that includes a leader sequence, the A chain, a linker peptide, and the B chain. The leader 
sequence is subsequently removed in the organism to yield proricin, which is then cleaved to 
eliminate the linker region such that the A and B chains remain connected only by a disulfide 
bond in the mature protein. The toxicity of ricin-type toxins operates in three phases: (1) binding 
to the cell surface via the B chain; (2) penetration of at least the A chain into the cytosol via 
intracellular organelles, and (3) inhibition of protein synthesis through the A chain cleaving an 
essential adenine residue from ribosomal RNA. Thus, outside the cell separated A and B chains 
are essentially non-toxic, because the inherently toxic A chain lacks the ability to bind to cell 
surfaces and enter the cells in the absence of the B chain. Moreover, preproricin and proricin are 
also non-toxic, since the activity of the A chain is inhibited in these precursors. 

[0006] It is also known that in ricin-type toxins the B chain binds to cell surfaces by virtue of 
galactose recognition sites, which react with glycoproteins or glycolipids exposed on the cell 
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surface. It has been suggested that the toxicity of the ricin A chain might be exploited in 
anti-tumor therapy by replacing the indiscriminately-binding B chain with a different targeting 
component having the ability to bind only to tumor cells. Thus, various immunotoxins have been 
prepared consisting of a conjugate of whole ricin or a separated ricin A chain and a 
tumor-specific monoclonal antibody or other targeting component. 

[0007] While previously described immunotoxins comprising ricin are generally suitable for 
their specific purposes, they possess certain inherent limitations that detract from their overall 
utility in treating viral or microbial infections. One problem with the known conjugates arises 
from a structural feature of the A chain from natural ricin. It is known that the natural ricin A 
chain becomes N-glycosylated during its synthesis, by enzymes present in Ricinus cells, and it is 
thought that the resulting sugar moieties are capable of non-specific interactions with cell 
surfaces. Thus, it appears that the known A chain conjugates are capable of a certain amount of 
binding with non target cells, even in the absence of the natural B chain, thus increasing the 
toxicity of such immunotoxins toward non-target cells. To partially mitigate this problem, 
recombinant A chain that lacks carbohydrate residues has been produced in E. coli. S.H. Pincus 
& V.V. Tolstikov, Anti-Human Immunodeficiency Virus Immunoconjugates, 32 Adv. 
Pharmacol. 205-247 (1995). Another problem with many ricin immunoconjugates arises from 
the fact that the B chain seems to have an important secondary function in that it somehow assists 
in the intoxication process, apart from its primary function in binding the ricin molecule to the 
cell surfaces. This secondary function is lost if the B chain is replaced by a different targeting 
component, such as a monoclonal antibody. Some researchers have addressed this problem by 
covalent attachment of affinity reagents to the B chain such that the galactose binding sites are 
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blocked. J.M. Lambert et al., An Immunotoxin Prepared with Blocked Ricin: a Natural Plant 
Toxin Adapted for Therapeutic Use, 51 Cancer Res. 6236-6242 (1991). 

[0008] The aforementioned modifications of ricin seek to enhance binding specificity to the 
outer cell surface by immunotoxins and similar, targeted therapeutic agents. Since certain types 
of infected cells do not express infection-related surface antigens, such binding specificity 
represents an inherent limitation. S.H. Pincus & V.V. Tolstikov, supra. A targeting-independent 
agent with a well-defined toxin activation mechanism involving a viral protease would permit the 
use of nonspecific "targeting" (i.e., cell-binding) molecules, including sugar moieties and fully 
active ricin B chain. Therapeutic agents designed in this manner could eliminate a broader 
spectrum of infected cells, with potentially fewer undesirable side effects. 

[0009] Anti-HIV immunotoxins have been described that include antibodies linked to 
various toxic moieties via a peptide linker that includes a sequence cleavable by HIV protease. 
S.H. Pincus & V.V. Tolstikov, supra. In some cases, release of the toxic moiety by this protease 
may render it active, although the specific activation mechanism was not further defined. 

[0010] U.S. Patent No. 6,627,197 to W.K. Keener et al. describes antiviral toxins wherein an 
HIV protease cleavage site is interposed between ricin A and B chains. In ricin, the natural site 
for cleavage by proteolytic activity in Ricinus is in a disulfide-circumscribed loop in which one 
cysteine resides on the A chain and the other resides on the B chain; cleavage yields A and B 
chains connected by a disulfide bond. Therefore, U.S. Patent No. 6,627,197 describes an HIV- 
protease cleavage sequence fused in-frame to the C-terminus of A chain such that the natural 
cleavage site is replaced with the HIV-protease site in the disulfide-circumscribed loop. In these 
embodiments, at lease some minimal N-terminal sequence of B chain required to inhibit A chain 
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activity is retained, such that activation requires proteolytic cleavage and reduction of the 
disulfide bond. 

[0011] As exemplified by U.S. Patent No. 6,627,197, fusion proteins containing toxins have 
started to replace immunotoxins, which require chemical linking of the toxin to antibodies that 
bind cells. Such fusion proteins may contain portions of antibodies as targeting moieties. With 
an active toxin, the choice of targeting moieties is limited. Signal sequences, which are much 
shorter than antibodies, may promote translocation of agents into cells and increase the potency 
of the agents. Further, activatable toxins broaden the choices of targeting moieties. Further, 
conventional plasmid preparation is time consuming, thus restricting the number that can be 
tested. The development of highly versatile plasmids would accelerate the testing of signal 
sequences. 

[0012] In view of the foregoing, it will be appreciated that providing highly versatile 
plasmids that permit the easy testing of signal sequences together with activatable toxins would 
be a significant advancement in the art. 



BRIEF SUMMARY OF THE INVENTION 
[0013] It is a feature of the present invention to provide plasmids encoding activatable toxins. 
These plasmids are highly versatile and permit the easy construction of numerous derivatives. 
[0014] These and other features are present in plasmids pWKK-500, pWKK-700, pWKK- 
800, pWKK-900, pWKK-21, and their derivatives. 

[0015] Another illustrative embodiment of the invention comprises a plasmid encoding an 
anti-HIV therapeutic agent comprising a fusion protein comprising a DP 178 peptide as a 
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targeting moiety and a ricin A chain as a polypeptide toxin, wherein the plasmid is a member 
selected from the group consisting of pWKK-500, pWKK-501, pWKK-502, pWKK-503, 
pWKK-504, pWKK-505, pWKK-506, pWKK-507, pWKK-508, pWKK-509, pWKK-510, 
pWKK-5 1 1 , pWKK-5 12, pWKK-5 1 3, pWKK-5 14, pWKK-5 1 5, pWKK-5 1 6, pWKK-5 17, 
pWKK-5 1 8, pWKK-5 1 9, and pWKK-520. The fusion proteins of many of these plasmids also 
include an HIV protease cleavable linker and a truncated portion of a ricin B chain. 

[0016] Still another illustrative embodiment of the present invention comprises a plasmid 
encoding an anti-HIV therapeutic agent comprising a fusion protein comprising a RANTES 
peptide as a targeting moiety and a ricin A chain as a polypeptide toxin, wherein the plasmid is a 
member selected from the group consisting of pWKK-700, pWKK-701, pWKK-702, pWKK- 
703, pWKK-704, pWKK-705, pWKK-706, pWKK-707, pWKK-708, pWKK-709, pWKK-710, 
pWKK-711, pWKK-712, pWKK-713, pWKK-714, pWKK-715, pWKK-716, pWKK-717, 
pWKK-718, pWKK-719, pWKK-720, pWKK-721, and pWKK-722. Similar to the fusion 
proteins encoded by the pWKK-500 series of plasmids, the fusion proteins of many of these 
plasmids also include an HIV protease cleavable linker and a truncated portion of a ricin B chain. 

[0017] Yet another illustrative embodiment of the present invention comprises a plasmid 
encoding an anti-HIV therapeutic agent comprising a fusion protein comprising an SDF-1 
peptide as a targeting moiety and a ricin A chain as a polypeptide toxin, wherein the plasmid is a 
member selected from the group consisting of pWKK-800, pWKK-801, pWKK-802, pWKK- 
803, pWKK-804, pWKK-805, pWKK-806, pWKK-807, pWKK-808, pWKK-809, pWKK-810, 
pWKK-81 1, pWKK-812, pWKK-813, pWKK-814, pWKK-815, pWKK-816, pWKK-817, 
pWKK-8 1 8, pWKK-8 19, pWKK-820, and pWKK-82 1 . Similar to the fusion proteins encoded 
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by the pWKK-500 series of plasmids, the fusion proteins of many of these plasmids also include 
an HIV protease cleavable linker and a truncated portion of a ricin B chain. 

[0018] Still another illustrative embodiment of the invention comprises a plasmid encoding 
an anti-anthrax therapeutic agent comprising a fusion protein comprising a DP 178 peptide as a 
targeting moiety and a ricin A chain as a polypeptide toxin, wherein the plasmid is a member 
selected from the group consisting of pWKK-900, pWKK-901, pWKK-902, pWKK-903, 
pWKK-904, pWKK-905, pWKK-906, pWKK-907, pWKK-908, pWKK-909, pWKK-910, 
pWKK-91 1, pWKK-912, pWKK-913, pWKK-914, pWKK-915, pWKK-916, pWKK-917, 
pWKK-918, pWKK-919, and pWKK-920. The fusion proteins of many of these plasmids also 
include a Lethal Factor protease cleavable linker and a truncated portion of a ricin B chain. 

[0019] Another illustrative embodiment of the invention comprises a plasmid encoding an 
anti-HIV therapeutic agent comprising a fusion protein comprising a one-domain ricin B chain as 
a targeting moiety and a ricin A chain as a polypeptide toxin, wherein the plasmid is a member 
selected from the group consisting of pWKK-21, pWKK-21a, pWKK-21b, pWKK-21c, and 
pWKK-21d. 

[0020] Additional illustrative embodiments of the invention comprise derivatives of plasmid 
pWKK-500 wherein two or more of the derivation procedures for making derivative plasmids 
pWKK-501 through pWKK-520 are performed to pWKK-500, where such derivation procedures 
are not mutually exclusive. Similarly, "multiple derivatives" of plasmids pWKK-700, pWKK- 
800, pWKK-900, and pWKK-21 are also illustrative embodiments of the present invention. 

[0021] Still another illustrative embodiment of the invention comprises an oligonucleotide 
cassette represented by SEQ ID NO:36, which encodes an HIV protease-cleavable peptide linker. 
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Yet another illustrative embodiment of the invention comprises an oligonucleotide cassette 
encoding an alternative HIV-protease-cleavable peptide linker. This cassette can be made by 
annealing oligonucleotides represented by SEQ ID NO: 18 and SEQ ID NO: 19. 

[0022] A further illustrative embodiment of the invention comprises a method for making a 
modified plasmid encoding a modified fusion protein, the method comprising: 

(a) providing a base plasmid selected from the group consisting of pWKK-500 and 
derivatives thereof, pWKK-700 and derivatives thereof, pWKK-800 and derivatives thereof, 
pWKK-900 and derivatives thereof, and pWKK-21 and derivatives thereof, the base plasmid 
comprising a plurality of DNA segments that encode a base fusion protein, wherein the base 
fusion protein comprises functional elements comprising a targeting moiety, a polypeptide toxin, 
and optionally one or more peptides selected from the group consisting of maltose binding 
protein, Factor Xa site, myristylation signal, flexible linker, protease-cleavable linker, L domain 
motif, KDELER retention signal, hydrophilic linker comprising out-of-frame buforin n, lacZa 
peptide, and polyhistidine tag, wherein each of the plurality of DNA segments is flanked by 
unique restriction endonuclease sites, and 

digesting the base plasmid with restriction endonucleases corresponding to 
selected unique restriction endonuclease sites such that one of the plurality of DNA segments is 
removed from the base plasmid; and 

(b) ligating a replacement DNA segment to the base plasmid from which one of the 
plurality of DNA segments is removed, wherein the replacement DNA segment encodes a 
replacement functional element that replaces one of the functional elements of the base fusion 
protein, thereby resulting in a modified plasmid encoding a modified fusion protein. 
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DETAILED DESCRIPTION 
[0023] Before the present plasmids encoding anti-HW therapeutic agents and anti-microbial 
therapeutic agents are disclosed and described, it is to be understood that this invention is not 
limited to the particular configurations, process steps, and materials disclosed herein as such 
configurations, process steps, and materials may vary somewhat. It is also to be understood that 
the terminology employed herein is used for the purpose of describing particular embodiments 
only and is not intended to be limiting since the scope of the present invention will be limited 
only by the appended claims and equivalents thereof. 

[0024] The publications and other reference materials referred to herein to describe the 
background of the invention and to provide additional detail regarding its practice are hereby 
incorporated by reference. The references discussed herein are provided solely for their 
disclosure prior to the filing date of the present application. Nothing herein is to be construed as 
an admission that the inventors are not entitled to antedate such disclosure by virtue of prior 
invention. 

[0025] It must be noted that, as used in this specification and the appended claims, the 
singular forms "a," "an," and "the" include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to a fusion protein comprising "a functional element" 
includes reference to a fusion protein comprising two' or more of such functional elements, 
reference to a plasmid encoding "an activatable toxin" includes reference to a plasmid encoding 
two or more of such activatable toxins, and reference to a pharmaceutical composition 



10 



comprising "the pharmaceutical^ acceptable carrier" includes reference to a pharmaceutical 
composition comprising two or more of such pharmaceutical^ acceptable carriers. 
[0026] In describing and claiming the present invention, the following terminology will be 
used in accordance with the definitions set out below. 

[0027] As used herein, "comprising," "including," "containing," "characterized by," and 
grammatical equivalents thereof are inclusive or open-ended terms that do not exclude 
additional, unrecited elements or method steps, "comprising" is to be interpreted as including the 
more restrictive terms "consisting of 5 and "consisting essentially of." 

[0028] As used herein, "consisting of and grammatical equivalents thereof exclude any 
element, step, or ingredient not specified in the claim. 

[0029] As used herein, "consisting essentially of and grammatical equivalents thereof limit 
the scope of a claim to the specified materials or steps and those that do not materially affect the 
basic and novel characteristic or characteristics of the claimed invention. 

[0030] As used herein, "PCR" means polymerase chain reaction, as is well known in the art. 
PCR is illustratively described in U.S. Patent Nos. 4,683,195; 4,683,202; 4,800,159; 4,965,188; 
PCR Technology: Principles and Applications for DNA Amplification (H. Erlich ed., Stockton 
Press, New York, 1989); and PCR Protocols: A guide to Methods and Applications (Innis et al. 
eds, Academic Press, San Diego, Calif., 1990). 

As used herein, "MBP" means maltose binding protein. 
As used herein, "bp" means base pairs. 

As used herein, "stretch" means a sequence of amino acid residues. 

As used herein, "derivatives" of pWKK-500 means plasmids constructed from pWKK- 
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500, such as according to Examples 2-21, 38, and 39. Similarly, derivatives of pWKK-700 are 
plasmids constructed from pWKK-700, such as according to Examples 23-25, 40, and 41 . 
Similarly, derivatives of pWKK-800 are plasmids constructed from pWKK-800, such as 
according to Examples 27, 28, 42, and 43. Similarly, derivatives of pWKK-21 are plasmids 
constructed from pWKK-21, such as according to Example 44. 

[0031] As used herein, a "pharmaceutical^ acceptable" component is one that is suitable for 
use with humans and/or animals without undue adverse side effects (such as toxicity, irritation, 
and allergic response) commensurate with a reasonable benefit/risk ratio. The term "carrier" 
refers to a diluent, adjuvant, excipient, or vehicle with which the activatable toxin is 
administered. Such pharmaceutical carriers can be sterile liquids, such as water, saline, dextrose, 
glycerol, ethanol, and the like; and if desired, minor amounts of auxiliary substances such as 
wetting or emulsifying agents, buffers, and the like can be added. 

[0032] As used herein, "administering" and similar terms mean delivering the composition to 
the individual being treated such that the composition is capable of being circulated systemically 
to the parts of the body where the targeting portion of the activatable toxin can bind its target. 
Thus, the activatable toxin is illustratively administered to the individual by systemic 
administration, typically by subcutaneous, intramuscular, or intravenous administration, or 
intraperitoneal administration. Injectables for such use can be prepared in conventional forms, 
either as a liquid solution or suspension or in a solid form suitable for preparation as a solution or 
suspension in a liquid prior to injection, or as an emulsion. 
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[0033] As used herein, "peptide" means peptides of any length and includes proteins. The 
terms "polypeptide" and "oligopeptide" are used herein without any particular intended size 
limitation, unless a particular size is otherwise stated. 

[0034] Activatable toxins, such as HIV-protease-activated toxins, provide a selection 
mechanism that enables the use of targeting moieties that bind to healthy, but HIV-susceptible 
cells. These targeting moieties are much smaller than antibodies and are more suitable for use in 
fusion proteins than are antibodies. Targeting moieties used in the present invention include 
DP 178 (also known as T-20), a known ligand/agonist of the phagocyte N-formyl peptide receptor 
(FPR) and of the similar FPR-like 1 receptor (FPRL1R), which occur on monocytes and 
macrophages derived therefrom. DP 178 is a targeting moiety used in the pWKK-500 series of 
plasmids described herein. RANTES (regulated on activation, normal T-cell expressed and 
secreted) is a natural ligand to CCR5, which is a chemokine co-receptor for HIV entry into cells. 

RANTES is a targeting moiety used in the pWKK-700 series of plasmids described herein. 
SDF-1 (stromal cell-derived factor- 1) is a natural ligand to CXCR4, which is a chemokine co- 
receptor for HIV entry into cells. SDF-1 is a targeting moiety used in the pWKK-800 series of 
plasmids described herein. 

[0035] The plasmids of the present invention are very versatile due to carefully constructed 
DNA sequences that permit a variety of simple manipulations, such as excising selected DNA 
segments followed by recircularization, to provide multiple derivative plasmids with various 
structures of the encoded proteins. These plasmids have been constructed using DNA cassettes, 
which can be easily inserted or removed and, thus, provide even greater versatility. For example, 
DNA cassettes encoding the DP178, RANTES, and SDF-1 targeting peptides are flanked by 
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unique restriction endonuclease sites, which permit insertion and/or excision of such cassettes 
using restriction endonucleases and other standard techniques used in recombinant DNA 
technology. Cassettes encoding markers, such as the alpha peptide of P-galactosidase, have been 
inserted into many of these plasmids to permit color detection of expressed proteins by alpha 
complementation. Still further, cassettes encoding affinity tags have been inserted into many of 
these plasmids to facilitate the obtaining of highly pure preparations of the fusion protein. For 
example, the maltose binding protein (MBP) has an affinity for amylose, and fusion proteins 
comprising MBP can be purified by affinity chromatography. O.K. Kellerman & T. Ferenci, 
Maltose-binding protein from Escherichia coli, 90 Meth. Enzymol. 459-463 (1982). Further, a 
polyhistidine peptide (e.g., (His)6) has affinity for nickel, and fusion proteins comprising (His)6 
can also be purified by nickel affinity chromatography. U.S. Patent No. 5,395,753. Moreover, a 
cassette encoding a protease-cleavable linker has been inserted into these plasmids. For example, 
a cassette encoding an HIV protease-cleavable linker has been inserted into many of these 
plasmids. Still further, a cassette encoding a cell-toxic protein (e.g., ricin A chain) has been 
inserted into these plasmids. It should be appreciated that these cassettes can be removed or 
substituted with other cassettes according to methods well known in the art of recombinant DNA. 
For example, cassettes encoding cell-targeting peptides, cleavable linkers, cell-toxic proteins, 
and the like can be removed or substituted with other appropriate cassettes encoding other 
functional peptides or proteins, now known or yet to be discovered. These derivatives can be 
made according to techniques well known in the art. 

[0036] The pWKK-500 series of plasmids is based on plasmid pWKK-500, which can be 
quickly converted to at least twenty other plasmids with varying C- and N-terminal coding 
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sequences without adding DNA. That is, the potential variations are encoded within the reading 
frames of plasmid pWKK-500 itself. The versatility of pWKK-500 is made possible by 
strategically located unique restriction sites. In many cases, the derivative plasmid formed from 
pWKK-500 will have new restriction sites across the ligation junction or will have existing sites 
preserved across the junction. Thus, screening of candidate plasmids is facilitated according to 
methods well known in the art of recombinant DNA technology. 

[0037] Many such derivatives have C-terminal "amber-ED tracers," which facilitate tracking 
during protein purification. An amber-ED tracer comprises a C-terminal extension beyond an 
amber stop codon that includes the enzyme donor (ED) fragment of p-galactosidase. The tracer 
extensions occur in a fraction of the fusion protein molecules synthesized in amber suppressing 
E. coli strains, such as XL1 Blue (Stratagene, Catalog No. 200228, La Jolla, California), which 
insert glutamine residues at amber codons (supE44 genotype). To prevent the extensions, the 
plasmid is simply transferred to a non-suppressing host. Other plasmid derivatives have C- 
terminal versions of buforin II, which may act as a targeting moiety for incorporation into HIV 
particles. Still other derivatives encode no HIV-protease-cleavable linker. These plasmids have 
amber-ED tracers after the ricin A chain and can be used to create targeted ricin A chain 
variations as therapeutic agents. 

[0038] All genetic elements within pWKK-500 that encode functional moieties or functional 
elements are flanked by unique restriction sites. In particular, the elements encoding the DP 178 
targeting peptide and the HIV-protease-cleavable linker are flanked by multiple unique restriction 
sites. 
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[0039] Upstream of the DP 178 targeting moiety in the pWKK-500 series of plasmids, of the 
RANTES targeting moiety in the pWKK-700 series of plasmids, and of the SDF-1 targeting 
moiety in the pWKK-800 series of plasmids are coding sequences for the maltose binding protein 
(MBP) and a Factor Xa recognition site. After expression of the fusion protein in bacteria, 
according to methods well known in the art, the fusion protein can be purified by affinity 
chromatography using amylose as a ligand to bind the MBP-containing fusion protein. Digestion 
of the fusion protein with Factor Xa protease cleaves the fusion protein between the MBP portion 
and the targeting moiety, thus removing the MBP from the remainder of the therapeutic agent. 

[0040] Many of the plasmids also encode a polyhistidine peptide downstream of an amber 
stop codon. In fusion proteins comprising polyhistidine, the fusion protein can be purified using 
nickel affinity chromatography, as mentioned above. Since another Factor Xa site occurs 
between the polyhistidine and the glutamine residue encoded by the amber codon in suppressor 
strains, the polyhistidine can be removed from the fusion protein by digestion with Factor Xa 
protease, and the polyhistidine can be separated from the remainder of the fusion protein by 
affinity to nickel resins. 

[0041] The plasmids of the present invention can be used for making fusion proteins in gene 
expression systems, which are well known in the art. These fusion proteins can be tested as 
therapeutic agents for treating HIV and other microbial infections, such as anthrax. The plasmids 
can also be used as platforms for making derivatives, wherein other DNA segments encoding 
targeting moieties, cleavable linkers, and cell-toxic proteins, can easily be substituted for the 
current functional elements. Further, the DNA encoding the fusion proteins can be used as 
therapeutic agents, provided that appropriate promoters and other signals are provided. 
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[0042] The fusion proteins encoded by the plasmids of the present invention can be isolated 
by, first culturing E. coli cells containing the plasmids in an appropriate bacterial growth 
medium, typically at 37DC Expression of the fusion protein is induced by adding an inducer of 
the tac promoter, such as isopropylthiogalactoside (IPTG). After incubation, the cells are 
harvested and lysed. The fusion protein is then purified. In cases where the maltose binding 
protein or a polyhistidine tag comprise the fusion protein, purification is most easily carried out 
by affinity chromatography according to methods well known in the art. The affinity tags can be 
removed, such as by digestion with Factor Xa protease, and the resulting fusion protein minus the 
affinity tags is concentrated. This concentrated fusion protein is then tested for efficacy as an 
activatable toxin. 

[0043] The activatable toxin is typically formulated for administration to an individual in 
need of such treatment by mixing with a pharmaceutical^ acceptable carrier. The resulting 
composition is administered such that the activatable toxin circulates in the body for access to 
target cells. After the activatable toxin is taken up by target cells, the protease-cleavable peptide 
linker is digested by protease in the cell, such as HIV protease. Digestion of the protease- 
cleavable linker activates the polypeptide toxin (e.g., ricin A chain), which results in killing of 
the target cell. 

Example 1 

pWKK-500 

[0044] The plasmid pWKK-500 contains the coding sequences for several functional 
elements cloned into the pMAL-p2X plasmid (New England Biolabs, Beverly, Massachusetts; 
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SEQ ID N0:1), which encodes the lacZa, or enzyme donor (ED), fragment of P-galactosidase. 
These coding sequences for the functional elements are arranged in the following order: maltose 
binding protein (MBP), Factor Xa site, myristylation signal, DP178, flexible linker, ricin A 
chain, HIV protease cleavable linker, ricin B chain (truncated), repeat of hydrophobic C-terminal 
stretch of ricin A chain, L domain motif, KDEL ER retention signal, amber (TAG) stop codon, 
Factor Xa site, hydrophilic linker (out-of-frame buforin II; SEQ ID NO:43), lacZa peptide (ED), 
(His)6 tag, TGA stop codon. The nucleotide sequence of this sequence of functional elements is 
set forth as SEQ ID NO:2. 

[0045] Plasmid pMAL-p2X is an E. coli plasmid cloning vector designed for recombinant 
protein expression and purification using a maltose binding protein fusion and purification 
system (New England Biolabs, cat. no. NEB #E8000S). C. Di Guan et al., Vectors that facilitate 
the expression and purification of foreign peptides in Escherichia coli by fusion to maltose- 
binding protein, 67 Gene 21-30 (1988); C.V. Maina et al., An Escherichia coli vector to express 
and purify foreign proteins by fusion to and separation from maltose-binding protein, 74 Gene 
365-373 (1988); P. Riggs, in Current Protocols in Molecular Biol. (F.M. Ausubel et al., eds, 
Greene Associates/Wiley Interscience, New York 1992). It contains the pMBl origin of 
replication from pBR322 and is maintained at a copy number similar to that of pBR322. In 
addition, pMAL-p2X also contains an Ml 3 origin of replication. R.J. Zagursky & M.L. Berman, 
Cloning vectors that yield high levels of single-stranded DNA for rapid DNA sequencing, 27 
Gene 183-191 (1984). 

[0046] The multiple cloning site (MCS) is positioned to allow translational fusion of the E. 
coli maltose binding protein (MBP, encoded by the malE gene) to the N-terminus of the cloned 
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target protein. MBP=s affinity for amylose allows easy purification of the fusion protein, and the 
MBP domain can be removed later using Factor Xa protease. P. Riggs, in Current Protocols in 
Molecular Biol. (F.M. Ausubel et al., eds, Greene Associates/Wiley Interscience, New York 
1992). Cloning of the target gene at the MCS disrupts expression of lacZa, allowing for insert 
screening by a-complementation. 

[0047] Transcription of the gene fusion is controlled by the inducible "tac" promoter (P lac ). 
Basal expression from P ta c is minimized by the binding of the Lac repressor, encoded by the lacf 
gene, to the lac operator immediately downstream of P tac . A portion of the rrnB operon 
containing two terminators, derived from the vector pKK233-2, prevents transcription originating 
from Ptac from interfering with plasmid functions. 

[0048] The coding sequences for the various functional elements of pMAL-p2X are located 
at the nucleotide coordinates indicated in parentheses following each feature: lacP (81-1 163), P tac 
(1406-1433), malE (1528-2703), MCS (2703-2809), lacZa (2810-2991), bla (ampicillin 
resistance, 3493-4353), Ml 3 origin (4395-4908), pMBl origin (5019-5607), rop (6228-6037). 

[0049] In pWKK-500 (SEQ ID NO:2), the MBP is coded for at nucleotides 7- 1 1 82. The 
Factor Xa site is an Ile-Glu-Gly-Arg (SEQ ID NO:3) recognition sequence for Factor Xa 
protease. The Factor Xa site is encoded at nucleotides 1207-1218 of SEQ ID NO:2 (pWKK- 
500). The myristylation signal comprises a Gly-Ala-Arg-Ala-Ser peptide (SEQ ID NO:4) for in 
vivo attachment of myristic acid to the N-terminal G residue exposed by Factor Xa. The coding 
sequence for the myristylation signal is located at nucleotides 1219-1233 of SEQ ID NO:2 
(pWKK-500). DP 178 (SEQ ID NO:5) is an ectodomain peptide of HIV gp41, which binds to 
gp41 on HIV particles. The coding sequence for DP 178 is located at nucleotides 1234-1341 of 
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SEQ ID N0:2 (pWKK-500). The flexible linker (SEQ ID N0:6) is a peptide linker based on the 
antibody hinge region. The flexible linker is encoded at nucleotides 1342-1389 of SEQ ID NO:2 
(pWKK-500). The ricin A chain (SEQ ID NO:7) is encoded at nucleotides 1390-2190 of SEQ 
ID NO:2 (pWKK-500). The HIV protease cleavable linker is a peptide sequence (Val-Ser-Gln- 
Asn-Tyr-Pro-Ile-Val-Gln-Asn, SEQ ID NO:8) wherein cleavage by HIV protease occurs between 
the Tyr and Pro residues. This cleavage reaction activates the ricin A chain. This HIV protease 
cleavable linker is coded for at nucleotides 2191-2220 of SEQ ID NO:2 (pWKK-500). The 
coding sequence for a truncated version of the ricin B chain is found at nucleotides 2224-2265 of 
SEQ ID NO:2 (pWKK-500). This truncated ricin B chain includes only the N-terminal sequence 
followed by a Pro residue (Ala-Asp-Val-Cys-Met-Asp-Pro-Glu-Pro-Leu-Val-Arg-Ile-Pro, SEQ 
ID NO:9). A variant of the repeat of a hydrophobic stretch near the C terminus of ricin A chain 
(Val-Ser-De-Leu-Ile-Pro-De-Ile-Ala-Leu-Ala-Ser-Ala, SEQ ID NO: 10) is encoded at nucleotides 
2266-2304 of SEQ ID NO:2 (pWKK-500). The natural sequence (Val-Ser-Ile-Leu-Ile-Pro-Ile- 
Ile- Ala-Leu-Met- Val; SEQ ID NO:38) is putatively involved in facilitating translocation of ricin 
A chain across membranes. J.C. Simpson et al., Point mutations in the hydrophobic C-terminal 
region of ricin A chain indicate that Pro 250 plays a key role in membrane translocation, 232 Eur. 
J. Biochem. 458-463 (1995). The L domain motif (Pro-Pro-Pro-Pro-Tyr, SEQ ID NO: 1 1) from 
Rous sarcoma virus interacts with ubiquitin protein ligases, such as Nedd4, which can result in 
covalent attachment of ubiquitin to lysine residues, perhaps the lysine of the KDEL signal 
following the L domain motif. While polyubiquitination of ricin A chain variants with multiple 
additional lysines increases proteasomal degradation, monoubiquitination of proteins can lead to 
other pathways and could permit the antiviral agent to interact with TsglOl, a protein that 

20 



interacts with HIV-1 Gag as it traverses the endocytic trafficking pathway to the plasma 
membrane, where virions are released. Since TsglOl binds to ubiquitinated proteins as well as 
Gag, the L domain motif may cause the antiviral agent to be incorporated into maturing virus 
particles, where its activation by HIV-1 protease is more probable. The L domain motif is 
encoded at nucleotides 2305-2319 of SEQ ID NO:2 (pWKK-500). The KDEL ER retention 
signal (Lys-Asp-Glu-Leu, SEQ ID NO: 12) is known to enhance toxicity of the ricin A chain. It is 
coded for at nucleotides 2323-2334 of SEQ ID NO:2 (pWKK-500). An amber (TAG) stop 
codon is located at nucleotides 2335-2337. Following the amber stop codon and in the same 
reading frame there is another Factor Xa site (Ile-Glu-Gly-Arg, SEQ ID NO:3). This Factor Xa 
site is encoded at nucleotides 2356-2367 of SEQ ID NO:2 (pWKK-500). C.A. Carter, TsglOl: 
HIV-Ts Ticket to Ride, 10 Trends Microbiol. 203-205 (2002); A. Kikonyogo et al., Proteins 
related to the Nedd4 family of ubiquitin protein ligases interact with the L domain of Rous 
sarcoma virus and are required for gag budding from cells, 98 Proc. Nat=l Acad. Sci. USA 
1 1 199-1 1204 (2001); E.D. Deeks, The low lysine content of ricin A chain reduces the risk of 
proteolytic degradation after translocation from the endoplasmic reticulum to the cytosol, 41 
Biochemistry 3405-3413 (2002); J. Zhan et al., Modification of ricin A chain, by addition of 
endoplasmic reticulum (KDEL) or Golgi (YQRL) retention sequences, enhances its cytotoxicity 
and translocation, 46 Cancer Immunol. Immunother. 55-60 (1998). 

[0050] At nucleotides 2351-2413 there is a buforin II peptide (SEQ ID NO: 14) coded out-of- 
frame to the MBP-containing fusion peptide. When read in the same reading frame as the 
immediately preceding Factor Xa site, this buforin II coding segment codes for a hydrophilic 
linker (SEQ ID NO:43). Buforin II is an antimicrobial peptide of 21 amino acid residues derived 
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from a histone protein and found in the gut of the Asian toad. It has activity against many 
bacteria, including E. colL It binds to negatively charged bacterial membranes and crosses them 
without creating pores. It exerts antimicrobial activity by binding to RNA and DNA in the cell. 
It is much less toxic to mammalian cells, apparently because the cell surfaces are composed of 
zwitterionic phospholipids, which do not act as receptors for the positively charged buforin II as 
do bacterial phospholipids. An intriguing finding of structure/function studies is that the Pro 
residue of buforin II is important for traversing membranes. The amphipathic alpha helix after 
the Pro residue is apparently responsible for binding nucleic acids and for crossing membranes. 
S. Kobayashi et al., Interactions of the novel antimicrobial peptide buforin 2 with lipid bilayers: 
proline as a translocation promoting factor, 39 Biochemistry 8648-8654 (2000). 
[0051] Expression of buforin II may have a toxic effect on the bacterial host and limit the 
amount of fusion protein product. Therefore, the amber-ED tracers will be important for rapidly 
verifying product formation. Fusion to the MBP-containing fusion protein probably lessens 
buforin antimicrobial activity, however, it may still permit crossing of membranes by the full 
length protein and binding to HIV RNA. This could have a targeting effect, leading to 
incorporation of the therapeutic protein into forming viral particles (i.e., packaged viral RNA) 
where it is more likely to be activated by HIV protease activity. Indeed, some antiviral agents 
may be activated after release of the virion from the plasma membrane, leading to the destruction 
of cells infected by such compromised virions and thereby precluding viral replications. Of note, 
the pMAL-p2X-derived proteins are exported to the periplasm, thus, antimicrobial activity upon 
expression would imply that the entire construct is able to traverse the bacterial membrane. J. 
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Gatlin et al., Regulation of intracellular human immunodeficiency virus type-1 protease activity, 
244 Virology 87-96(1998). 

[0052] The one-step creation of buforin II fusions without additional DNA is the best 
approach to determining if the product is too toxic for expression. The rearrangement of the 
plasmid can be expected to occur with very high efficiency, whereas insertion. of new DNA 
typically occurs with less efficiency. If transformed E. coli cells do not grow after transformation 
with a rearranged plasmid having C-terminal buforin n, then it can be assumed that such 
constructs are too toxic. 

[0053] Native buforin II includes a Gly-Arg dipeptide, which is likely to be a secondary site 
for Factor Xa protease digestion. To avoid unwanted digestion at this site, a Leu codon was 
inserted to convert the Gly-Arg dipeptide to a Gly-Leu-Arg tripeptide. To permit conversion 
back to the natural sequence, the nucleotide sequence was constructed such that treatment of the 
DNA with Bsu36l restriction endonuclease, then mung bean nuclease, followed by religation will 
eliminate the Leu codon. To verify the proper sequence, a unique Eagl restriction endonuclease 
site is created upon religation. 

[0054] The first four residues of native buforin II are not required for activity. The initial Thr 
residue was omitted in the construction of pWKK-500. 

[0055] Following the buforin II coding region there is the coding region for the lacZa peptide 
or ED. This peptide is encoded at nucleotides 2425-2764 of pWKK-500. Following the ED 
peptide, there is encoded at nucleotides 2783-2800 a polyhistidine region. A TGA stop codon is 
at nucleotides 2801-2803. 
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[0056] Certain E. coli host strains have the supEAA genotype, which enables insertion of a 
Gin residue instead of stopping protein synthesis at TAG codons. Nucleotide residues adjacent 
to the TAG stop codon influence efficiency of suppression, i.e., Gin insertion. P. Edelman et al., 
Nonsense suppression context effects in Escherichia coli bacteriophage T4, 207 Mol. Gen. 
Genet. 517-518 (1987). A purine residue (A or G) immediately 3' to the TAG is preferred for 
amber suppression. It is expected that, in a suppressing host, Gin will be inserted with an 
efficiency of less than 100%. In the event of an insertion, translation will continue until a TAA 
or TGA stop codon is encountered. Note that a Factor Xa site is placed immediately following 
the TAG codon in pWKK-500, so that any extension of the fusion protein can be largely 
removed by Factor Xa cleavage. While the residual Factor Xa site remaining after its cleavage 
will undoubtedly destroy KDEL functionality, the fraction of protein molecules with 
nonfunctional KDEL sequences can be tolerated to realize certain advantages described below. 
The residues remaining after Factor Xa cleavage should not affect other functions. 

[0057] By combining the fusion protein with the enzyme acceptor (EA) fragment of P- 
galactosidase, a sensitive enzyme assay is obtained that will facilitate tracking of protein during 
purification. During amylose resin affinity chromatography, protein molecules with extensions 
should be co-purified with molecules without extensions. 

[0058] Digestion with Factor Xa can be monitored to ensure that overdigestion does not 
occur. A C-terminal peptide including ED that is liberated by Factor Xa cleavage can be easily 
separated by ultrafiltration, such as with a Microcon YM-100 ultrafiltration unit. When the 
amount of ED activity in the filtrate no longer increases, digestion can be stopped. 
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[0059] The first Factor Xa genetic element can be replaced with an enterokinase recognition 
sequence (Asp-Asp-Asp-Asp-Lys, SEQ ID NO: 1 3). The fusion protein will not be exposed to Factor 
Xa so that the fraction of molecules having an ED peptide can be tracked when test animals are 
treated with the therapeutic protein agent. 

[0060] Colonies grown on plates containing X-gal (5-bromo-4-chloro-3-indolyl-(3-D-galactoside) 
that express proteins with amber-ED tracers should turn blue. Although the proteins expressed from 
pMAL-p2X are transported to the periplasm, blue coloration is typically observed. 

Example 2 

pWKK-501 

[0061] The plasmid pWKK-501 is constructed by digesting pWKK-500 with Xbal restriction 
endonuclease, filling in the resulting 5' sticky ends, and ligating the resulting blunt ends. The ligated 
plasmid is then amplified in £. coli cells and purified according to procedures well known in the art. 
Screening of candidates should include the lack of susceptibility to being digested with Xbal, 
because the Xbal site of pWKK-500 (nucleotides 2418-2423 of SEQ ID NO:2) is destroyed. 
However, a Bfal site (CTAG recognition sequence) is duplicated and intact. Screening of candidates 
during the construction of pWKK-501 from pWKK-500 by PCR using the BZ (SEQ ID NO: 15) and 
LT-1 (SEQ ID NO: 16) primers results in amplification of a 305-bp fragment. Should imperfect 
filling of 5' overhangs result in no Bfal site at the ligation junction, digestion of the 305-bp fragment 
with Bfal would result in generation of a DNA fragment of about 280 bp because of Bfal sites near 
each end of the fragment. If the Bfal sites are intact at the ligation junction, however, this fragment 
will not appear. Instead, fragments of about 80 bp and 200 bp will be formed. 
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[0062] The differences in the functional elements of pWKK-501 compared to those of pWKK- 
500 are as follows. After the hydrophilic linker (out-of-frame buforin), the lacZa peptide (ED), 
(His) 6 tag, and TGA stop codon are still present, but are in a different reading frame than in pWKK- 
500. That is, in pWKK-501 these elements are in the same reading frame as buforin and are out-of- 
frame with respect to the MBP-containing fusion protein. Therefore, in pWKK-501 , buforin and ED 
are in the same reading frame and are separated by a TAG codon. Thus, pWKK-501 can serve as a 
starting plasmid for construction of other constructs, including those permitting amber-ED structures. 

Example 3 

pWKK-502 

[0063] The plasmid pWKK-502 is constructed by digesting plasmid pWKK-501 with BamHl 
restriction endonuclease and then religating the digested plasmid. A BamHl restriction site is 
preserved across the ligation junction. Spel, AfiR, and BbvCl restriction sites are destroyed in the 
process of constructing the plasmid. 

[0064] The order of functional elements in pWKK-502 is as follows: MBP, Factor Xa site, 
myristylation signal, DP178, flexible linker, ricin A chain, HIV protease cleavable linker, ricin B 
chain (truncated), buforin n, amber (TAG) stop codon, lacZa peptide (ED), (His) 6 tag, TGA stop 
codon. 

Example 4 

oWKK-503 
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[0065] The plasmid pWKK-503 is constructed by digesting plasmid pWKK-500 with AflE and 
Ncol restriction endonucleases, filling the resulting 5' cohesive ends with an appropriate DNA 
polymerase, and ligating the resulting blunt ends. A new Bsll restriction site is created across the 
ligation junction, and the AflU and Ncol restriction sites are destroyed. Complete digestion of 
pWKK-500 with Bsll will generate 20 DNA fragments, 16 of which are smaller than 380 bp in 
length. Only four large fragments of 846 bp, 904 bp, 1 120 bp, and 1744 bp are expected. The 1744- 
bp fragment is produced by a Bsll site near the SmaUXmal sites in the 5' end of the coding region for 
ricin A chain and a Bsll site 350 bp beyond the Bgll site just after the ED coding region. In the 
desired construct with the new Bsll site, the 1 744-bp fragment will be cut into a 947 -bp fragment and 
a 779-bp fragment. These new fragments clearly distinguish the desired construct from undesirable 
ones. A double digestion with Bsll and Bgll confirms the construction of pWKK-503 by cutting the 
779-bp fragment into 350-bp and 429-bp fragments. The 1 120-bp fragment is also cut into 264-bp 
and 856-bp products. Double digestion with Bsll and Styl specifically cuts the 947-bp fragment, 
yielding 267-bp and 680-bp fragments. 

[0066] The order of functional elements in pWKK-503 is as follows: MBP, Factor Xa site, 
myristylation signal, DP 178, flexible linker, ricin A chain, HIV protease cleavable linker, ricin B 
chain (truncated), repeat of hydrophobic stretch of ricin A chain, L domain motif, Factor Xa site, 
hydrophilic linker, lacZa peptide (ED), (His) 6 tag, TGA stop codon. Therefore, pWKK-503 is a 
derivative of pWKK-500 wherein the KDEL signal and amber stop codons have been removed. 

Example 5 

pWKK-504 
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[0067] The plasmid pWKK-504 is constructed by digesting plasmid pWKK-501 with restriction 
endonucleases Acc65l and AfHL, filling in the resulting 5* cohesive ends with DNA polymerase, and 
ligating the resulting blunt ends. An AflU restriction site is preserved across the ligation junction, but 
Ncol and Acc65l restriction sites are destroyed. 

[0068] Plasmid pWKK-504 is a derivative of pWKK-500 wherein buforin II is at the C-terminus 
of the MBP-containing fusion protein. The order of functional elements in pWKK-504 is as follows: 
MBP, Factor Xa site, myristylation signal, DP 178, flexible linker, ricin A chain, HIV protease 
cleavable linker, ricin B chain (truncated), repeat of hydrophobic stretch of ricin A chain, L domain 
motif, buforin II, amber (TAG) stop codon, lacZa peptide (ED), (His)6 tag, TGA stop codon. The 
amber stop codon is followed by a non-optimal C residue, thus there is likely to be inefficient 
suppression of the amber codon in suppressor hosts. 

Example 6 

pWKK-505 

[0069] The plasmid pWKK-505 is constructed by digesting plasmid pWKK-502 with restriction 
endonuclease Xmnl, then digesting with restriction endonuclease Xbal, digesting the cohesive end 
with a nuclease such as mung bean nuclease to result in blunt ends, and then ligating the resulting 
blunt ends. No restriction sites are preserved across the ligation junction, and the Xmnl and Xbal 
restriction sites are destroyed. 

[0070] An alternative method of preparing plasmid pWKK-505 involves digesting pWKK-502 
with Xmnl and Xbal, as described above, and then ligating a synthetic oligonucleotide into the 
digested plasmid. The synthetic oligonucleotide could contain a unique restriction site to facilitate 
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plasmid screening. The synthetic oligonucleotide could be designed such that it contained an amber 
(TAG) stop codon that was efficiently suppressed in a suppressor strain and was in-frame with the 
ED coding sequence. One such potential synthetic oligonucleotide is 

CGGAAGTAGGCCTNNNNNNNNNNTCTAGA (SEQ ID NO: 17). 

[0071] The order of functional elements present in pWKK-505 is as follows: MBP, Factor Xa 
site, myristylation signal, DP 178, flexible linker, ricin A chain, HIV protease cleavable linker, ricin 
B chain (truncated), buforin n, amber (TAG) stop codon. 

Example 7 

pWKK-506 

[0072] The plasmid pWKK-506 is constructed by digesting pWKK-502 with restriction 
endonuclease Bsu36l y digesting the resulting cohesive ends with a nuclease such as mung bean 
nuclease to result in blunt ends, and then ligating the resulting blunt ends. Plasmid pWKK-506 
could also be constructed by similarly digesting and ligating any of plasmids pWKK-500 through 
pWKK-505. The Bsu36I restriction site is destroyed, but a unique Eagl restriction site is created 
across the ligation junction. 

[0073] The order of functional elements in pWKK-506 is as follows: MBP, Factor Xa site, 
myristylation signal, DP178, flexible linker, ricin A chain, HIV protease cleavable linker, ricin B 
chain (truncated), buforin II, amber (TAG) stop codon, lacZa peptide (ED), (His) 6 tag, TGA stop 
codon. The ED peptide is in frame with the MBP-containing fusion protein. An advantage of this 
construct is that an extraneous leucine codon is removed from a Gly-Leu-Arg sequence, thereby 
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resulting in a more natural buforin II amino acid sequence. The resulting Gly-Arg dipeptide, 
however, is likely to be more susceptible to Factor Xa digestion. 

Example 8 

pWKK-507 

[0074] The plasmid pWKK-507 is constructed by digesting pWKK-500 or pWKK-50 1 with AflU 
restriction endonuclease, filling in the resulting 5' cohesive ends with a suitable DNA polymerase, 
and then ligating the resulting blunt ends. The AflR site is destroyed, but a unique Pad site is 
created across the ligation junction and can be used for screening for correct construction of the 
plasmid. 

[0075] Plasmid pWKK-507 has the KDEL signal deleted as compared to pWKK-500. Thus, the 
order of functional elements in pWKK-507 is as follows: MBP, Factor Xa site, myristylation signal, 
DP 178, flexible linker, ricin A chain, HIV protease cleavable linker, ricin B chain (truncated), repeat 
of hydrophobic stretch of ricin A chain, L domain motif, TAA stop codon. 

Example 9 

pWKK-508 

[0076] The plasmid pWKK-508 is constructed by digesting plasmid pWKK-500 with restriction 
endonuclease A/ZEE; filling in the resulting 5* cohesive ends with a DNA polymerase to produce blunt 
ends; then digesting the linearized, blunt-ended plasmid with restriction endonuclease Mfel; 
digesting the M/i?I-digested plasmid with mung bean nuclease to remove the cohesive end and result 
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in blunt ends; and ligating the blunt ends. The AflU restriction site is preserved across the ligation 
junction, however, Mfel, Pstl, Spel, and BbvCl sites are destroyed. 
[0077] The order of functional elements in pWKK-508 is as follows: MBP, Factor Xa site, 
myristylation signal, DP 1 78, flexible linker, ricin A chain, KDEL ER retention signal, amber (TAG) 
stop codon, Factor Xa site, hydrophilic linker, lacZa peptide (ED), (His)6 tag, TGA stop codon. 
Therefore, pWKK-508 is a derivative of pWKK-500 wherein the KDEL ER retention signal is at the 
end of the ricin A chain portion of the fusion protein. 

Example 10 

pWKK-509 

[0078] The plasmid pWKK-509 is constructed by digesting plasmid pWKK-500 with restriction 
endonucleases Mfel and Xbal, filling in the resulting 5' cohesive ends with DNA polymerase, and 
ligating the blunt ends to result in an intermediate plasmid. The Xbal site is preserved in the 
intermediate plasmid, and this feature can be used in screening for the correct intermediate plasmid. 
This intermediate plasmid treated by digesting with restriction endonuclease Xbal, filling in the 
resulting 5' cohesive ends with DNA polymerase, and then ligating the resulting blunt ends to result 
in the plasmid pWKK-509. The following restriction sites are destroyed in the course of 
constructing the plasmid: Mfel, Xmnl, Pstl, Spel, BamHl, Ncol, Acc65 I, Bsu36 1, AflU, BbvCl, and 
Xbal. 

[0079] The order of functional elements of pWKK-509 is as follows: MBP, Factor Xa site, 
myristylation signal, DP178, flexible linker, ricin A chain, amber (TAG) stop codon, lacZa peptide 
(ED), (His) 6 tag, TGA stop codon. The coding sequence for the ED peptide is in frame with the 
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coding sequence for the MBP-containing fusion protein. Therefore, this derivative of pWKK-500 
expresses a fusion protein with an amber-ED tracer or a stop at the end of the ricin A chain portion 
thereof. 

Example 1 1 

pWKK-510 

[0080] The plasmid pWKK-5 10 is constructed by digesting plasmid pWKK-501 with restriction 
endonucleases BsrGl and Acc651 and then ligating the resulting compatible cohesive ends. The 
following restriction sites are destroyed: Mfel, BsrGl, PstI, Spel, BarnHl, Ncol, Acc65l, AflU, and 
BbvCl. 

[0081] The order of functional elements encoded by pWKK-5 1 0 is as follows: MBP, Factor Xa 
site, myristylation signal, DPI 78, flexible linker, ricin A chain, buforin II, amber (TAG) stop codon, 
lacZa peptide (ED), (His) 6 tag, TGA stop codon. The non-optimal environment of the amber stop 
codon may result in inefficient suppression of the amber codon in suppressor strains. The fusion 
protein expressed from pWKK-5 10 comprises the MBP-containing fusion protein with buforin II and 
the amber-ED tracer at the end of the ricin A chain. 

Example 12 

pWKK-511 

[0082] The plasmid pWKK-5 1 1 is constructed by digesting plasmid pWKK-500 with restriction 
endonuclease BamHI, filling in the resulting 5' cohesive ends with DNA polymerase, and then 
ligating the resulting blunt ends. A new Clal restriction site is created across the ligation junction, 
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and the following restriction sites are destroyed: BamHl, Spel, AflU, and BbvCI. Plasmid pWKK- 
500 has one Clal site located in the ricin A chain coding sequence. The new Clal site created across 
the ligation junction of pWKK-5 1 1 is 5 1 6 bp from the other Clal site. The 5 1 6-bp Clal fragment can 
be detected upon restriction fragment analysis. Since Clal is sensitive to overlapping dam 
methylation, it is necessary to amplify the plasmid in a dam B strain. 

Example 13 

pWKK-512 

[0083] The plasmid pWKK-512 is constructed by digesting pWKK-501 with restriction 
endonucleases BamHl and Xmnl, filling in the resulting 5' cohesive ends produced by the BamHl 
digestion with DNA polymerase, and then ligating the resulting blunt ends. A BstYl restriction site 
is preserved across the ligation junction. The following restrictions sites, however, are destroyed: 
Spel, BamHl AflJl, BbvCl, Ncol, Acc65l, Bsu36l, and Xmnl BstYl digestion of pWKK-512 
produces 12 fragments, 5 of which are less than 90 bp in length and not readily observable by 
standard agarose gel electrophoresis. Four of the fragments are within the pMAL-p2X vector 
sequence and have lengths of 2216 bp, 547 bp, 1263 bp, and 1451 bp. Three of the fragments 
include portions of the reading frame: 962 bp (5' end of the ricin A chain coding sequence), 256 bp 
(from BstYl sites near the BglU site to the new BstYl site at the ligation junction), and 1 042 bp (from 
the new site at the ligation junction to a BstYl site 676 residues beyond the Bgll site after the ED 
coding sequence). The 1042 bp fragment clearly indicates the presence of the desired construction. 
To confirm obtaining of pWKK-512, double digestion with Bgll and BstYl cuts the 1042 bp 
fragment into 676 bp and 366 bp fragments. The 1263-bp fragment is also digested into 75 1 -bp and 
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5 12-bp fragments. For comparison, digestion of pWKK-501 with BstYl yields a 1 1 14-bp fragment 
instead of a 1042-bp fragment. 

[0084] The fusion protein produced by expression of pWKK-512 is truncated after the ricin B 
chain. Thus, the order of functional elements in pWKK-512 is as follows: MBP, Factor Xa site, 
myristylation signal, DP178, flexible linker, ricin A chain, HIV protease cleavable linker, ricin B 
chain (truncated), amber (TAG) stop codon, lacZa peptide (ED), (His) 6 tag, TGA stop codon. The 
amber stop codon is in an environment, with a C residue following the TAG codon, which is not 
optimal for efficient suppression in suppressor strains. 

Example 14 

pWKK-513 

[0085] The plasmid pWKK-513 was constructed by digesting plasmid pWKK-500 with 
restriction endonucleases Spel and Xbal and then ligating the resulting compatible cohesive ends. 
The following restriction sites are destroyed in this construction: Spel, Xbal, AflU, BbvCl, Ncol, 
Acc65I, Bsu36l, and Xmnl. 

[0086] Plasmid pWKK-5 1 3 encodes a fusion protein similar to that of pWKK-5 1 1 , but without 
the second Factor Xa site. Thus, the order of functional elements in pWKK-5 1 3 is as follows: MBP, 
Factor Xa site, myristylation signal, DP178, flexible linker, ricin A chain, HIV protease cleavable 
linker, ricin B chain (truncated), lacZa peptide (ED), (His) 6 tag, TGA stop codon. 

Example 15 

pWKK-514 
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[0087] The plasmid pWKK-5 1 4 is constructed by digesting plasmid pWKK-500 with restriction 
endonucleases Acc65I and BbvCl, filling in the resulting 5* cohesive ends with DNA polymerase, and 
ligating the resulting blunt ends. The following restriction sites are destroyed in making the 
construct: Ncol, AflU, BbvCl, and Acc65I. 

[0088] Thus, the order of functional elements encoded by plasmid pWKK-514 is as follows: 
MBP, Factor Xa site, myristylation signal, DP178, flexible linker, ricin A chain, HIV protease 
cleavable linker, ricin B chain (truncated), repeat of hydrophobic stretch of ricin A chain, Factor Xa 
site, hydrophilic linker, lacZa peptide (ED), (His) 6 tag, TGA stop codon. Thus, pWKK-514 is a 
derivative of pWKK-500 wherein a Factor Xa site-ED is appended to the fusion protein following 
the repeat of hydrophobic stretch of ricin A chain. 

Example 16 

pWKK-515 

[0089] The plasmid pWKK-515 was constructed by digesting plasmid pWKK-500 with 
restriction endonucleases Mfel and EcoRl and then ligating the resulting compatible cohesive ends. 
The following restriction sites were destroyed in making this construct: Mfel, Pstl, BamHI, Spel, 
BbvCl AflE, Ncol Acc65l, Bsu36l, Xbal, Xmnl, and EcoRl. 

[0090] Plasmid pWKK-5 1 5 is a derivative of pWKK-500 wherein a (His) 6 tag is attached to the 
fusion protein following the ricin A chain. Thus, the order of functional elements is as follows: 
MBP, Factor Xa site, myristylation signal, DP 178, flexible linker, ricin A chain, (His) 6 tag, TGA 
stop codon. 
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Example 17 

pWKK-516 

[0091] The plasmid pWKK-5 1 6 is constructed by digesting plasmid pWKK-500 with restriction 
endonucleases BbvCl and Spel, filling in the resulting 5' cohesive ends with a DNA polymerase, and 
then ligating the resulting blunt ends. The Spel site is preserved across the ligation junction, but the 
BbvCl site is destroyed. 

[0092] Plasmid pWKK-5 16 is a derivative of pWKK-500 wherein a stop codon is placed after 
the truncated ricin B chain. Thus, the order of functional elements in pWKK-516 is as follows: 
MBP, Factor Xa site, myristylation signal, DP 178, flexible linker, ricin A chain, HIV protease 
cleavable linker, ricin B chain (truncated), TAA stop codon. 

Example 18 

pWKK-517 

[0093] The plasmid pWKK-5 1 7 is constructed by digesting plasmid pWKK-500 with restriction 
endonucleases AflU and Spel, filling in the resulting 5* cohesive ends with a DNA polymerase, and 
then ligating the resulting blunt ends. The Spel site is preserved across the ligation junction, but a 
BbvCl site is destroyed. 

[0094] Plasmid pWKK-5 1 7 is a derivative of pWKK-500 wherein the KDEL ER retention signal 
is placed after the truncated ricin B chain. Thus, the order of functional elements in pWKK-5 17 is as 
follows: MBP, Factor Xa site, myristylation signal, DP 178, flexible linker, ricin A chain, HIV 
protease cleavable linker, ricin B chain (truncated), KDEL ER retention signal, amber (TAG) stop 
codon, Factor Xa site, hydrophilic linker, lacZa peptide (ED), (His) 6 tag, TGA stop codon. 
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Example 19 

pWKK-518 

[0095] The plasmid pWKK-5 1 8 is constructed by digesting plasmid pWKK-500 with restriction 
endonucleases BbvCl and Spel, digesting the resulting 5' cohesive ends with an exonuclease such as 
mung bean nuclease such that blunt ends are obtained, and then ligating the blunt ends. A CacSl 
restriction site is created across the ligation junction, but the BbvCl and Spel sites are destroyed. 
Complete digestion of pWKK-518 with CacSl results in 45 fragments, of which 31 fragments are 
less than 200 bp in length, 9 fragments are between 200 and 400 bp in length, and 5 fragments are 
greater than 400 bp in length (i.e., 865 bp, 613 bp, 844 bp, 560 bp, and 456 bp). The 865-bp 
fragment includes the ricin A chain coding sequence from a site near the N terminus of the ricin A 
chain proper to the site created at the ligation junction. This is the distinctive fragment for 
confirming proper construction of the plasmid and is the largest fragment generated, however, it is 
close in size to the 844-bp fragment. The 844-bp and 6 1 3-bp fragments are digested by Dral, but the 
865-bp fragment is not. The 865-bp fragment, however, is digested with Clal into 525-bp and 340- 
bp fragments. In contrast, pWKK-500 yields a 1 132-bp fragment instead of an 865-bp fragment 
when digested with CacSL 

[0096] Plasmid pWKK-518 is a derivative of pWKK-500 wherein the L domain motif and 
KDEL ER retention signal are after the truncated ricin B chain. Thus, the order of functional 
elements is as follows: MBP, Factor Xa site, myristylation signal, DP 178, flexible linker, ricin A 
chain, HIV protease cleavable linker, ricin B chain (truncated), L domain motif, KDEL ER retention 
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signal, amber (TAG) stop codon, Factor Xa site, hydrophilic linker, lacZa peptide (ED), (His) 6 tag, 
TGA stop codon. 

Example 20 

pWKK-519 

[0097] The plasmid pWKK-5 1 9 is constructed by digesting plasmid pWKK-500 with restriction 
endonuclease BsiWI, and then ligating the resulting compatible cohesive ends. There are two BsiWl 
sites in pWKK-500, and removing the smaller fragment of about 822 bp results in pWKK-519. A 
BsiWl restriction site is preserved across the ligation junction, but a Sacl restriction site is destroyed. 

[0098] Plasmid pWKK-5 19 is a derivative of pWKK-500 wherein the MBP coding sequence is 
truncated. Thus, the order of functional elements of pWKK-519 is as follows: MBP (truncated), 
Factor Xa site, myristylation signal, DP 178, flexible linker, ricin A chain, HIV protease cleavable 
linker, ricin B chain (truncated), repeat of hydrophobic stretch of ricin A chain, L domain motif, 
KDEL ER retention signal, amber (TAG) stop codon, Factor Xa site, hydrophilic linker (out-of- 
frame buforin), lacZa peptide (ED), (His)6 tag, TGA stop codon. The signal peptide for periplasmic 
secretion in retained in the truncated MBP. 

Example 21 

pWKK-520 

[0099] The plasmid pWKK-520 is constructed by partially digesting plasmid pWKK-500 with 
restriction endonuclease Ndel such that only one of the two Ndel sites is cut in a majority of 
plasmids, filling in the resulting 5' cohesive ends with a DNA polymerase, digesting the resulting 
polished ends with restriction endonuclease SnaBI, and then ligating the blunt ends. The ligated 
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DNA is then digested with restriction endonuclease Sad to linearize plasmids that were cut at the 
wrong Ndel site (within the ricin A chain coding sequence) or that were not cut at all by Ndel. After 
amplification in bacteria, candidate plasmids are screened for susceptibility to digestion with Sphl, 
which is present in the correctly made construct but not in other constructs. Restriction sites 
destroyed in making the construct include Sacl, SnaBl, and BsiWl. 

[00100] Plasmid pWKK-520 is a derivative of pWKK-500 wherein there is no maltose binding 
protein in the fusion protein expressed by the plasmid. The order of functional elements in pWKK- 
520 is as follows: Factor Xa site, myristylation signal, DP178, flexible linker, ricin A chain, HIV 
protease cleavable linker, ricin B chain (truncated), repeat of hydrophobic stretch of ricin A chain, L 
domain motif, KDEL ER retention signal, amber (TAG) stop codon, Factor Xa site, hydrophilic 
linker (out-of-frame buforin), lacZa peptide (ED), (His)6 tag, TGA stop codon. 

Example 22 

pWKK-700 

[00101] The plasmid pWKK-700 was created by inserting a synthetic oligonucleotide of about 
250 bp encoding the RANTES chemokine into plasmid pWKK-500 digested with restriction 
endonucleases Sacl and Agel. The sequence of the region of pWKK-700 coding for the fusion 
protein is disclosed as SEQ ID NO:20. The RANTES -encoding synthetic oligonucleotide was 
prepared by annealing oligonucleotides OC- 1 (75-mer, SEQ ID NO:2 1 ) and OC-2 (72-mer, SEQ ID 
NO:22) to OC-5 (46-mer, SEQ ID NO:23) so that OC-1 and OC-2 could be ligated to create one 
continuous strand. This strand was amplified by PCR using oligonucleotides OC-3 (forward primer, 
SEQ ID NO:24) and OC-4 (reverse primer, SEQ ID NO:25). The PCR product was gel purified, 
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digested with restriction endonucleases Sacl and Agel and then ligated to the similarly digested 
pWKK-500. 

[00102] CCR5 is a chemokine co-receptor for HIV entry into cells. RANTES (regulated on 
activation, normal T-cell expressed and secreted) is a natural ligand to CCR5. The sequence of 
RANTES encoded by pWKK-700 is SEQ ID NO:39. Use of RANTES as a targeting moiety directs 
the therapeutic agent to cells susceptible to infection. HIV protease activates the agent so that only 
infected cells are killed. E. Gonzalez et al., Global survey of genetic variation in CCR5, RANTES, 
MUM alpha: impact on the epidemiology of the HIV-1 pandemic, 98 Proc. Nat=l Acad. Sci. USA 
5199-5204 (2001). 

[00103] Modification of the N terminus of RANTES by the addition of a single amino acid, 
methionine, converts the proinflammatory cytokine into an antagonist, which lacks the activities of 
normal RANTES. Indeed, the modified M-RANTES apparently binds to the same receptor that 
binds to RANTES, thereby blocking RANTES-induced signaling pathways. Since the use of 
RANTES as a targeting moiety could lead to unwanted effects caused by its cytokine activities, the 
availability of recombinant toxins targeted by N-terminally modified RANTES is desirable. It is 
assumed that other amino acids, or very short polymers thereof, would have a similar antagonistic 
effect when appended to the N-terminus of RANTES. The plasmid pWKK-700 encodes a RANTES 
variant with an aspartate-methionine dipeptide appended to the natural N-terminus of RANTES and 
immediately following the Factor Xa cleavage site. This particular embodiment permitted the 
inclusion of unique restriction sites that enable the deletion of the dipeptide-encoding DNA segment 
to produce a natural N-terminus, which is encoded in pWKK-72 1 . A.E. Proudfoot et al., Extension 
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of recombinant human RANTES by the retention of the initiating methionine produces a potent 
antagonist, 271 J. Biol. Chem. 2599-2603 (1996). 

[00104] The order of functional elements in pWKK-700 is as follows: MBP, Factor Xa site, 
RANTES, flexible linker, ricin A chain, HIV protease cleavable linker (SEQ ID NO:8), ricin B chain 
(truncated), repeat of hydrophobic stretch of ricin A chain, L domain motif, KDEL ER retention 
signal, amber (TAG) stop codon, Factor Xa site, hydrophilic linker (out-of-frame buforin), lacZa 
peptide (ED), (His) 6 tag, TGA stop codon. 

Example 23 

pWKK-701 through pWKK-720 

[00105] Plasmids pWKK-701 through pWKK-720 are derivatives of pWKK-700 prepared in a 
manner analogous to the manner that pWKK-501 through pWKK-520 are prepared as derivatives of 
pWKK-500. 

Example 24 

pWKK-721 

[00106] The plasmid pWKK-72 1 is constructed by digesting plasmid pWKK-700 with restriction 
endonuclease PshAl, then digesting the Ps/iAI-digested plasmid with Nrul, and then ligating the 
resulting blunt ends. The Nrul and PshAl restriction sites are destroyed in the process of making the 
construct. 
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[00107] Plasmid pWKK-72 1 is a derivative of pWKK-700 wherein the RANTES portion of the 
fusion protein has a natural N-terminal sequence. The order of functional elements in pWKK-721 is 
the same as in pWKK-700. 

Example 25 

pWKK-722 

[00108] The plasmid pWKK-722 is constructed by partially digesting plasmid pWKK-700 with 
Ndel such that only one of the two Ndel sites is cut in a majority of plasmids, filling in the 5' 
cohesive ends with a DNA polymerase to produce blunt ends, digesting the blunt-ended plasmid 
DNA with restriction endonuclease Nrul, and then ligating the resulting blunt ends. The ligated 
DNA is then digested with Sacl to linearize recircularized plasmids that were cut at the wrong Ndel 
site (i.e., within the coding sequence for the ricin A chain) or that were not cut at all by Ndel. The 
Sacl-digested DNA is then used to transform E. coli cells, pick colonies, and prepare candidate 
plasmids for screening. Plasmids are then screened for susceptibility to Sphl, which indicates the 
correct construction. Restriction sites destroyed in the process of constructing this plasmid include 
Sacl, Nrul, and BsiWl. 

[00109] Plasmid pWKK-722 is a derivative of pWKK-700 wherein the maltose binding protein 
coding sequence is removed. Therefore, the order of functional elements in pWKK-722 is as 
follows: RANTES, flexible linker, ricin A chain, HIV protease cleavable linker, ricin B chain 
(truncated), repeat of hydrophobic stretch of ricin A chain, L domain motif, KDEL ER retention 
signal, amber (TAG) stop codon, Factor Xa site, hydrophilic linker (out-of-frame buforin), lacZa 
peptide (ED), (His) 6 tag, TGA stop codon. 
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Example 26 

pWKK-800 

[00110] The plasmid pWKK-800, the coding sequence of which is disclosed as SEQ ID NO:26, 
was constructed by inserting a synthetic oligonucleotide of about 275 bp encoding the SDF-1 
chemokine into pWKK-500 digested with restriction endonucleases Sad and Sphl to eliminate the 
DP178-encoding segment. The SDF-1 -encoding fragment was prepared from synthetic 
oligonucleotides using a nested PCR approach. First, oligonucleotides AB-2 (inner reverse primer, 
SEQ ID NO:27), AB-3 (mid template, SEQ ID NO:28), and AB-5 (inner forward primer, SEQ ID 
NO:29) were used for 5 cycles of PCR. Then, oligonucleotides AB-1 (outer reverse primer, SEQ ID 
NO:30) and AB-4 (outer forward primer, SEQ ID NO:3 1 ) were added and PCR was resumed. After 
amplification was completed, the PCR product was gel purified and digested with restriction 
endonucleases Sacl and Sphl, The digested PCR product was then ligated to similarly digested 
pWKK-500. 

[00111] CXCR4 is a chemokine co-receptor for HIV entry into cells. SDF- 1 (stromal cell-derived 
factor- 1) is a natural ligand to CXCR4. Use of SDF-1 as a targeting moiety directs the therapeutic 
agent to cells susceptible to infection. The sequence of SDF-1 as encoded by pWKK-800 is SEQ ID 
NO:40. HIV protease activates the agent such that only infected cells are killed. J. Di Salvo et al., 
The CXCR4 agonist ligand stromal derived factor- 1 maintains high affinity for receptors in both 
Galpha(i)-coupled and uncoupled states, 409 Eur. J. Pharmacol. 143-154 (2000). Truncated versions 
of SDF-1 that include N-terminal sequences of the peptide show receptor binding activity. 
Accordingly, pWKK-821 encodes a truncated version of SDF-1 . E.L. Elisseevaet ah, NMR studies 
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of active N-terminal peptides of stromal cell derived factor- 1 . Structural basis for receptor binding, 
275 J. Biol. Chem. 26799-26805 (2000). 

[00112] The order of functional elements in pWKK-800 is as follows: MBP, Factor Xa site, 
SDF-1, flexible linker, ricin A chain, HIV protease cleavable linker (SEQ ID NO: 8), ricin B chain 
(truncated), repeat of hydrophobic stretch of ricin A chain, L domain motif, KDEL ER retention 
signal, amber (TAG) stop codon, Factor Xa site, hydrophilic linker (out-of-frame buforin), lacZa 
peptide (ED), (His)6 tag, TGA stop codon. 

Example 27 

pWKK-801 through pWKK-820 

[00113] Plasmids pWKK-801 through pWKK-820 are derivatives of pWKK-800 prepared in a 
manner analogous to the manner that pWKK-501 through pWKK-520 are prepared as derivatives of 
pWKK-500. 

Example 28 

pWKK-821 

[00114] The plasmid pWKK-82 1 is constructed by digesting plasmid pWKK-800 with restriction 
endonucleases Pmll and PshAl and then ligating the resulting blunt ends. A unique Agel site is 
created across the ligation junction, but the Pmll and PshAl sites are destroyed in the course of 
construction of the plasmid. 
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[00115] PlasmidpWKK-821 is a derivative of pWKK-800 wherein SDF-1 is truncated. Thus, the 
order of functional elements in pWKK-821 is the same as in pWKK-800 except that a truncated 
SDF-1 replaces SDF-1. The sequence of the truncated version of SDF-1 is SEQ ID NO:41. 

Example 29 

pWKK-900 

[00116] The plasmid pWKK-900 is constructed by inserting a synthetic oligonucleotide encoding 
a potential lethal factor-cleavable peptide linker into pWKK-500 digested with Mfel and Pstl to 
eliminate the HIV protease cleavable linker. 

[00117] T-20, also known as DPI 78, is a known ligand/agonist of the phagocyte N-formyl peptide 
receptor (FPR) and of the similar FPR-like 1 receptor (FPRL1R), which occur in monocytes and 
macrophages derived therefrom. Lethal factor (LF) is a protease that cleaves a defined sequence 
(Pro-Lys-Lys-Lys-Pro-Thr-Pro-Ile-Gln-Leu-Asn-Pro-Ala, SEQ ID NO:32) at the N-terminus of 
mitogen-activated protein kinase kinase 1 (MAPKK1) and similar regulatory enzymes. This activity 
may occur on a similar sequence integrated into a potential therapeutic agent, thereby activating the 
ricin-based agent. LF causes macrophages to secrete inflammatory chemokines (e.g., tumor necrosis 
factor- alpha), inducing systemic shock and death. 

[00118] In advanced cases of inhalational anthrax, death is probable despite antibiotic therapy, 
because bacterially produced toxins in the system are unaffected by antibiotics. Theoretically, a 
therapeutic agent that selectively eliminates compromised immune cells (i.e., intoxicated by LF) 
could reduce systemic shock by reducing the amounts of chemokines secreted into the system. The 
protein agent encoded by pWKK-900 contains DP 178, which directs binding of the agent to immune 
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cells that may be potentially compromised (i.e., monocytes and macrophages). However, the agent 
should be activated only in cells that contain LF, thereby sparing healthy cells. N.S. Duesberry et al., 
Proteolytic inactivation of MAP-kinase-kinase by anthrax lethal factor, 280 Science 734-737 ( 1 998); 
J.K. Hartt et al., The HIV-1 cell entry inhibitor T-20 potently chemoattracts neutrophils by 
specifically activating the N-formylpeptide receptor, 272 Biochem. Biophys. Res. Commun. 699-704 
(2000); P.C. Hannaet al., Role of macrophage oxidative burst in the action of anthrax lethal toxin, 1 
Mol. Med. 7-18 (1994); D. Yang et al., Differential regulation of formyl peptide receptor-like 1 
expression during the differentiation of monocytes to dendritic cells and macrophages, 166 J. 
Immunol. 4092-4098 (2001). 

[00119] Preparation of pWKK-900 comprises digesting pWKK-500 with restriction 
endonucleases Mfel and Pstl, ligating a synthetic cassette having Mfel- and Psd-compatible cohesive 
ends formed by annealing an upper oligonucleotide (SEQ ID NO:33) and a lower oligonucleotide 
(SEQ ID NO:34), transforming competent E. coli cells and screening plasmid candidates with 
restriction endonuclease Bgll to determine if the cassette is in place, and verifying that the ligation 
junctions are correct by digestion with Mfel and Pstl. 

[00120] The order of functional elements in pWKK-900 is as follows: MBP, Factor Xa site, 
myristylation signal, DP178, flexible linker, ricin A chain, Lethal Factor protease cleavable linker, 
ricin B chain (truncated), repeat of hydrophobic stretch of ricin A chain, L domain motif, KDEL ER 
retention signal, amber (TAG) stop codon, Factor Xa site, hydrophilic linker (out-of-frame buforin 
II), lacZa peptide (ED), (His) 6 tag, TGA stop codon. 
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Example 30 

pWKK-901 through pWKK-920 

[00121] Plasmids pWKK-901 through pWKK-920 are derivatives of pWKK-900 prepared in a 
manner analogous to the manner that pWKK-501 through pWKK-520 are prepared as derivatives of 
pWKK-500. 

Example 3 1 

pWKK-21 

[00122] The plasmid pWKK-21 (SEQ ID NO:35) is constructed by digesting plasmid pWKK-15 
(SEQ ID NO:37) with restriction endonucleases Sad and Agel and ligating a cassette formed by 
annealing synthetic oligonucleotides with compatible ends into the digested plasmid. This 
construction replaced the Factor Xa/myristylation signal/DP 178 sequence of pWKK- 1 5 with a Factor 
Xa/concealed myristylation signal sequence/one-domain ricin B chain. Candidate plasmids were 
screened by digestion with restriction endonuclease Sail. 

[00123] With each of the two domains of the ricin B chain containing three subdomains, the DNA 
encoding these subdomains was rearranged such that the first subdomain (1 alpha) and the last 
subdomain of the second domain (2 gamma) were connected by a hybrid interceding domain (1 
beta/2 beta). Since galactose-binding sites occur in the 1 alpha and 2 gamma subdomains, this one- 
domain B chain contains at least two potential galactose-binding sites. Further, minimization of the 
size of the B chain without compromising its galactose-binding function serves to facilitate 
translocation of the construct into cells. A.E. Frankel et al., Ricin toxin contains at least three 
galactose-binding sites located in B chain subdomains 1 alpha, 1 beta, and 2 gamma, 35 
Biochemistry 14749-14756 (1996). 
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[00124] The rationale for making pWKK-2 1 is that the one-domain ricin B chain should retain its 
ability to bind to galactosyl moieties on a cell surface. Most, if not all, cell types have such moieties. 
Therefore, the 1 -domain ricin B chain simply provides a means of attachment to cells, while the HIV 
protease cleavable linker provides selectivity for HIV-infected cells. 

[00125] The order of functional elements in pWKK-21 is as follows: MBP, Factor Xa site, 
concealed myristylation signal, flexible linker, ricin A chain, protease cleavable linker (SEQ ID 
NO: 8), 1 -domain ricin B chain, repeat of hydrophobic stretch of ricin A chain, L domain motif, 
KDEL ER retention signal, stop codon. 

Example 32 

pWKK-21a 

[00126] The plasmid pWKK-2 1 a is made by digesting pWKK-2 1 with restriction endonucleases 
Nhel and Xbal and then ligating the resulting compatible cohesive ends. This construction places the 
lacZa peptide (ED) of p-galactosidase immediately after the 1 -domain ricin B chain. The repeat of 
hydrophobic stretch of ricin A chain, the L domain motif, and the KDEL signal are deleted. 

Example 33 

pWKK-21b 

[00127] The plasmid pWKK-2 1 b is made by digesting pWKK-2 1 with restriction endonucleases 
Sail and Xhol, then ligating the resulting compatible cohesive ends. This construction places the 
myristylation signal immediately after the Factor Xa site. This permits a functional myristylation 
signal. In the fusion protein encoded by pWKK-2 1 , with a Leu-Ser-Arg sequence between the Factor 
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Xa site and the myristylation signal site, cleavage with Factor Xa will not expose a functional 
myristylation signal. 

Example 34 

pWKK-21c 

[00128] The plasmid pWKK-21c is made by digesting pWKK-21 with restriction endonuclease 
AflU at the two sites for this restriction endonuclease and religating the digested plasmid. This 
construction deletes the L domain motif and the repeat of hydrophobic stretch of ricin A chain. 

Example 35 

pWKK-21d 

[00129] The plasmid pWKK-21d is made by digesting pWKK-21 with A/ZH, filling in the 
resulting 5' cohesive ends with a DNA polymerase to obtain blunt ends, and then ligating the blunt 
ends. This construction places a TAA stop codon after the 1 -domain ricin B chain. A unique Pad 
site is created across the ligation junction to facilitate screening of candidate plasmids. 

Example 36 

HIV Protease-Cleavable Linker Cassette 

[00130] An oligonucleotide cassette encoding an HIV protease-cleavable linker was constructed 
having the sequence set out in SEQ ID NO:36, which encodes the peptide sequence set out in SEQ 
ID NO:8. Thus, the cassette will permit digestion of the resulting fusion protein by HIV protease. 
The oligonucleotide cassette occurs in plasmids pWKK-15 (SEQ ID NO:37), pWKK-21 (SEQ ID 
NO:35), pWKK-500 (SEQ ID NO:2), pWKK-700 (SEQ ID NO:20), and pWKK-800 (SEQ ID 



49 



NO:26). The cassette is bounded by unique Mfel and Pstl restriction sites to facilitate its removal 
and exchange with an alternative cassette. The cassette can be made by oligonucleotide synthesis 
according to methods well known in the art. 

Example 37 

Alternative HIV Protease-Cleavable Linker Cassette 

[00131] An alternative HIV protease-cleavable linker cassette is constructed by annealing 
oligonucleotides having the sequences set out in SEQ ID NO: 18 and SEQ ED NO: 19. These 
oligonucleotides can be made by oligonucleotide synthesis, as is well known in the art. Upon 
ligation of the cassette resulting from annealing of the oligonucleotides into pWKK-500 digested 
with Mfel and Pstl restriction endonucleases, the Mfel site is preserved, the Pstl site is destroyed, and 
a new BsrDl site is created to facilitate screening of plasmid candidates. For a plasmid derived from 
pWKK-500, complete digestion with BsrDl results in 5 DNA fragments of 366 bp, 174 bp, 2897 bp, 
2979 bp, and 1638 bp. The 1638-bp fragmentB the diagnostic fragmentB arises from the new site 
introduced in the cassette and another BsrDl site to the 3' side in the coding strand, the introduced 
BsrDl site also contributes to generation of the 2897-bp fragment. 

[00132] The cassette encodes an alternative HIV protease-cleavable peptide linker (Ser-Ala-Thr- 
He-Met-Met-Gln-Arg-Gly-Asn; SEQ ID NO:42). Thus, inserting the cassette into a construct 
encoding a fusion protein will permit digestion of the resulting fusion protein by HIV protease. 
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Example 38 

Multiple Derivatives of pWKK-500 

[00133] Examples 2-21 describe derivatives of pWKK-500 made by recombinant DNA 
technology to result in plasmids pWKK-501 through pWKK-520. Additional derivatives of pWKK- 
500 are made by sequentially performing more than one of the manipulations described in Examples 
2-21 . Some of the manipulations described in these examples, however, are mutually exclusive, as 
will be described in more detail below. For example, manipulations of DNA encoding C-terminal 
segments of the expressed proteins will generally be mutually exclusive, as will manipulations of the 
DNA encoding MBP, terminal targeting moieties, and buforin H 

[00134] For convenience in referring to the steps for forming the various multiple-derivative 
plasmids, the steps for making pWKK-501 from pWKK-500 will be referred to herein as "the 501 
derivation" or "derivation 501 the steps for making pWKK-502 from pWKK-500 will be referred 
to as "the 502 derivation" or "derivation 502," and so forth. Therefore, according to the present 
example, multiple-derivative plasmids are made starting with pWKK-500 and performing (a) any 
one of the derivations selected from the group consisting of derivations 501 through 518, and (b) 
either the 5 1 9 or the 520 derivation. An illustrative example of such a multiple-derivative plasmid is 
a plasmid made by starting with pWKK-500 and performing the 501 and 519 derivations to it. These 
derivations can be performed to pWKK-500 in either order. Another illustrative example of such a 
multiple-derivative plasmid is a plasmid made by starting with pWKK-500 and performing the 520 
and 518 derivations to it. 
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Example 39 

Additional Multiple Derivatives pWKK-500 

[00135] Additional derivatives of pWKK-500 are made by starting with plasmid pWKK-500 and 
then performing two or more of: (a) the 501 derivation, (b) the 502 or 504 or 5 1 0 derivation, (c) the 
505 derivation, with the proviso that the 501 derivation must be omitted, (d) the 506 derivation, and 
(e) the 519 or 520 derivation. Accordingly, an illustrative derivative of pWKK-500 is made by 
performing the 504, 520, and 506 derivations. 

Example 40 

Multiple Derivatives of pWKK-700 

[00136] Examples 23-25 describe derivatives of pWKK-700 made by recombinant DNA 
technology to result in plasmids pWKK-701 through pWKK-722. Additional derivatives of pWKK- 
700 are made by sequentially performing more than one of the manipulations described in Examples 
23-25. Some of the manipulations described in these examples, however, are mutually exclusive, as 
will be described in more detail below. 

[00137] For convenience in referring to the steps for forming the various multiple-derivative 
plasmids, the steps for making pWKK-701 from pWKK-700 will be referred to herein as the 701 
derivation, the steps for making pWKK-702 from pWKK-700 will be referred to as the 702 
derivation, and so forth. Additional derivatives of pWKK-700 are made by starting with plasmid 
pWKK-700 and then performing two or more of: (a) any one of the derivations selected from the 
group consisting of derivations 70 1 through7 1 8, (b) the 72 1 derivation, and (c) the 7 1 9 or 720 or 722 
derivation, with the proviso that the 721 derivation cannot precede the 722 derivation. 
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Example 41 

Additional Multiple Derivatives of pWKK-700 

[00138] Additional derivatives of pWKK-700 are made by starting with plasmid pWKK-700 and 
then performing two or more of: (a) the 701 derivation, (b) the 702 or 704 or 7 1 0 derivation, (c) the 
705 derivation, with the proviso that the 701 derivation must be omitted, (d) the 706 derivation, (e) 
the 719 or 720 or 722 derivation, with the proviso that the 721 derivation cannot be performed prior 
to the 722 derivation, and (f) the 721 derivation. Accordingly, an illustrative derivative of pWKK- 
700 is made by performing the 704, 720, and 706 derivations. 

Example 42 

Multiple Derivatives of pWKK-800 

[00139] Examples 27-28 describe derivatives of pWKK-800 made by recombinant DNA 
technology to result in plasmids pWKK-801 through pWKK-821 . Additional derivatives of pWKK- 
800 are made by sequentially performing more than one of the manipulations described in Examples 
27-28. Some of the manipulations described in these examples, however, are mutually exclusive, as 
will be described in more detail below. 

[00140] For convenience in referring to the steps for forming the various multiple-derivative 
plasmids, the steps for making pWKK-801 from pWKK-800 will be referred to herein as the 801 
derivation, the steps for making pWKK-802 from pWKK-800 will be referred to as the 802 
derivation, and so forth. Additional derivatives of pWKK-800 are made by starting with plasmid 
pWKK-800 and then performing two or more of: (a) any one of the derivations selected from the 
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group consisting of derivations 801 through 818, (b) the 821 derivation, and (c) the 819 or 820 
derivation. 

Example 43 

Additional Multiple Derivatives of pWKK-800 

[00141] Additional derivatives of pWKK-800 are made by starting with plasmid pWKK-800 and 
then performing two or more of: (a) the 801 derivation, (b) the 802 or 804 or 8 10 derivation, (c) the 
805 derivation, with the proviso that the 801 derivation must be omitted, (d) the 806 derivation, (e) 
the 819 or 820 derivation, and (f) the 821 derivation. Accordingly, an illustrative derivative of 
pWKK-800 is made by performing the 804, 820, and 806 derivations. 

Example 44 

Multiple Derivatives of pWKK-21 

[00142] Examples 32-35 describe derivatives of pWKK-21 made by recombinant DNA 
technology to result in plasmids pWKK-2 1 a through pWKK-21d. Additional derivatives of pWKK- 
21 are made by sequentially performing more than one of the manipulations described in Examples 
32-35. Some of the manipulations described in these examples, however, are mutually exclusive, as 
will be described in more detail below. 

[00143] For convenience in referring to the steps for forming the various multiple-derivative 
plasmids, the steps for making pWKK-21a from pWKK-21 will be referred to herein as the 21a 
derivation, the steps for making pWKK-21b from pWKK-21 will be referred to as the 21b 
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derivation, and so forth. Additional derivatives of pWKK-21 are made by starting with plasmid 
pWKK-21 and then performing: (a) derivation 21b, and (b) the 21a or 21c or 2 Id derivation. 



\ 
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